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Abstract

Objective: To investigate the correlation among body mass index at onset, clin-

ical features, and prognosis in patients with neuromyelitis optica spectrum dis-

order. Method: This retrospective cohort studied patients with neuromyelitis

optica spectrum disorder from January 2015 to January 2022, grouping them

by body mass index at onset. Demographics and clinical records were reviewed.

Anderson–Gill, Kaplan–Meier, and Cox models evaluated the body mass index’s

effect on relapse risk and long-term outcomes. Results: Of 246 patients with

799 neuromyelitis optica spectrum disorder attacks study, 36 patients had low,

133 had normal, 77 had high body mass index, with a mean onset age of

40 � 13 years, and the population was 88% female. The medium follow-up

time was 49 months; AQP4-IgG was found in 193 (78%) patients. Onset and

relapse of area postrema syndrome were less frequent in patients with a normal

body mass index. The annual relapse rate after immunosuppressive therapy was

significantly lower in patients with a low body mass index. In the multivariable

analysis, statistical correlation still existed between body mass index at onset

and risk of relapse (HR = 1.03, 95% CI: 1.03–1.03, P < 0.001), risk of severe

attack (HR = 0.92, 95% CI: 0.86–0.98, P = 0.013), risk of visual disability

(HR = 0.9, 95% CI: 0.81–1, P = 0.047), and overall risk of disability

(HR = 0.89, 95% CI: 0.82–0.98, P = 0.015) after adjusting various variables.

Interpretation: Lower body mass index at onset was associated with less fre-

quent relapse but poor prognosis.

Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is an

inflammatory autoimmune disease that affects the central

nervous system (CNS), mainly mediated by the patho-

genic autoreactive IgG antibody to aquaporin-4 (AQP4-

IgG).1 NMOSD can be disabling and relapse-dependent,

resulting in permanent functional loss.2 Therefore, it is

vital to identify the risk factors for poor outcomes to pre-

vent relapse early in the disease.

Numerous factors have been identified as potential pre-

dictors of relapse and permanent disability.3–5 The link

between body mass index (BMI) and several inflamma-

tory and autoimmune diseases has been established.6–8

More recent studies have suggested a causative relation-

ship between genetic variants associated with BMI and

susceptibility to multiple sclerosis9,10 ([MS], an autoim-

mune inflammatory demyelinated disease of the CNS),

which has also been reported in some observational

studies.11,12

However, the association between BMI and NMOSD is

still a matter of debate, as existing studies have reported

contradictory results. A recent study reported an associa-

tion between lower BMI and poor outcomes in female

AQP4-IgG seropositive NMOSD patients,13 while another

study suggested no correlation between NMOSD severity

and BMI.14 Limited by the relatively small sample size, the

effect of BMI on the clinical features, disease course, and

prognosis of NMOSD has not been adequately studied.

Therefore, a large-scale observational study is required to

determine the role of BMI in patients with NMOSD. Thus,

this study aimed to characterize the nutritional status of
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patients with NMOSD and investigate the correlation

between BMI at onset and the prognosis of NMOSD.

Methods

Study design and patients

This was a retrospective data analysis from patients pro-

spectively included in the NMOSD cohort at a tertiary

medical center in Southwest China (Department of Neu-

rology, West China Hospital, Sichuan University) between

January 2015 and January 2022. Patients were included in

this study if they met the following criteria: (1) AQP4-

IgG seropositive or double seronegative (AQP4-IgG and

MOG-IgG) NMOSD diagnosis according to 2015 diag-

nostic criteria,15 (2) no use of glucocorticoid (GCs)

before BMI measurement, and (3) AQP4-IgG and myelin

oligodendrocyte glycoprotein IgG (MOG-IgG) tested.

Patients were excluded for the following reasons: (1) with

any comorbidity that may affect the measurement of

BMI, (2) incomplete data, (3) patients who refused to

take immunosuppression therapy (IST), (4) MOG-IgG

seropositive, or (5) follow-up time <6 months.

Data collection

The prospective cohort included patients diagnosed with

NMOSD during their first visit to our medical center.

Demographic information (such as sex, age, and BMI at

first onset) and clinical data (including AQP4-IgG and

MOG-IgG serology, presentation of onset, Expanded Dis-

ability Status Scale [EDSS], and date of initiation of IST)

were recorded. All patients were regularly followed up

every 6–12 months, a trained neurologist assessed EDSS

at each follow-up visit, and details of each relapse event

were recorded. Patients who received IST were treated

with azathioprine (AZA) at a dose of 100–150 mg/day, or

mycophenolate mofetil (MMF) at a dose of 1000–
1500 mg/day, depending on disease severity, or rituximab

at a dose of (RTX) 375 mg/ m2 every 6 months.

Outcome measurement

Patients were classified into three groups according to their

BMI at onset: those with low BMI (BMI < 18.5 kg/m2), nor-

mal BMI (18.5 kg/m2 ≤ BMI < 24 kg/m2), and patients

with high BMI (BMI ≥ 24 kg/m2), with the cutoff of BMI

according to the criteria for weight issued by the Ministry of

Health, People’s Republic of China.16 AQP4-IgG and MOG-

IgG serologies were detected using a commercial cell-based

assay (CBA) (EUROIMMUN AG, Luebeck, Germany).17,18

Time to relapse, severe attack, and visual and motor disabil-

ities were calculated. Relapse was defined as a new worsening

of neurological function lasting more than 24 h without

other identifiable causes and occurring more than 30 days

after a previous attack.19 Severe attacks were defined as a

visual acuity equal to or worse than 20/20020–22 or an EDSS

over 6.0.21,23 Permanent visual disability or motor disability

was defined as a duration of visual acuity equal to or worse

than 20/200 or EDSS over 6.0 for 6 months.21

Standard protocol approvals and patient
consent

The Ethics Committee of Sichuan University approved

this study. Written informed consent was obtained from

all the patients.

Statistical analysis

Continuous variables are presented as mean � SD; these

are presented as median (IQR) if they were not normally

distributed (Kolmogorov–Smirnov test was applied to

verify the normality distribution of continuous variables).

Categorical variables are presented as frequency (%).

Mean and median differences between the three groups

were analyzed using ANOVA or the Kruskal–Wallis test;

portions among groups were compared using Fisher’s

exact test. As this was an exploratory study, multiple

comparisons were not conducted.

The risk of a severe attack and visual or motor disabil-

ities was evaluated using Kaplan–Meier curves and Cox

proportional hazard regression. The Anderson–Gill (AG)
proportional hazard model was used to assess the risk of

relapse.24 A Schoenfeld residual test was performed to

evaluate possible violations of the proportional hazard

assumption. Age at onset, sex, AQP4-IgG serology, pre-

sentation of the first onset, and therapy options were

adjusted as covariates. Longitudinal group differences and

correlations were analyzed using a linear mixed-effect

model, identity of patients and attack type were adjusted

as random intercepts. Onset age, sex, and AQP4-IgG

serology were controlled for as fixed effects. The onset of

the brain stem and cerebral syndromes were combined

for analysis (BS) because of their rarity.

All statistical analyses were performed using R; V.3.6.2

(http://www.r-project.org/), survival, and rms packages

were used to perform Cox and AG regression. Statistical

significance was set at P < 0.05.

Results

Study population

Of the 860 patients with NMOSD registered in our medi-

cal center from January 2015 to January 2022, 246 met
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the inclusion criteria and were included in this study (36

with low BMI, 133 with normal BMI, and 77 with high

BMI). The screening process for participants is shown in

Figure 1.

Demographic and clinical features

Table 1 summarizes the included patients’ demographic

and clinical characteristics and outcomes. This cohort was

characterized by a mean onset age of 40 � 13 years, with

88% female population, and a mean BMI of

22.5 � 3.8 kg/m2. AQP4-IgG was found in 193 (78%)

patients, and the median follow-up time was 49 (28–75)
months. Patients with a low BMI had a significantly

younger age at onset and a higher proportion of female

patients; the AQP4-IgG serology status did not differ

among the three groups.

Transverse myelitis (TM) was the most frequent pre-

sentation of the first onset (73%), followed by optic neu-

ritis (ON) (56%); the lower ratio of patients who were

presented as area postrema syndromes (APS) at onset was

found in patients with normal BMI (18/133, P = 0.021);

only 30 (12%) patients were presented as BS at the first

onset.

Disease course and analysis of relapses

All patients received IST as maintenance treatment; the

median duration between the onset and initiation of IST

was 9 months. Although the interval was longer in

patients with high BMI, no statistical significance was

observed. During the follow-up period, at least one

relapse was recorded in 193 (78%) patients, and a mono-

phasic course was more frequently observed in patients

with a low BMI (13/36, 36%). However, no significant

difference was found in those with a relapsing course.

The interval from onset to the first relapse did not differ

among the three groups. Regarding the date of initiation

of IST as the cutoff, the annualized relapse rate (ARR)

before and after IST was calculated separately. The ARR

after IST was significantly higher in patients with high

BMI than in patients with low/normal BMI (0.52 vs. 0.33

vs. 0.18, P = 0.026), while the ARR before IST and overall

ARR were not different among the three groups.

As shown in Table 2, of the 246 patients, 799 NMOSD

attacks (onset included) were recorded (92 for patients

with low BMI, 424 for patients with normal BMI, and

283 for patients with high BMI). Compared to patients

with low or high BMI at onset, patients with normal BMI

showed a lower ratio of APS occurrences (18% vs. 6.6%

vs. 16%, P < 0.001); the highest percentage of multifocal

attacks was found in patients with low BMI (23%,

P = 0.009). Of the 799 episodes, higher severity was

observed in patients with a low BMI (median EDSS 3.5

vs. 3 vs. 3, P = 0.002).

Long-term prognosis of patients

Eighty-two patients (33%) experienced at least one severe

NMOSD attack, while 33 (13%) developed a permanent

visual disability, and 17 (6.9%) developed a motor dis-

ability; the overall disability rate was 18% (44/246). Long-

term outcomes were not significantly different among the

three groups.

Registered in our database (2015.01-2022.01): 

860 patients

614 patients excluded

548 had use of GCs before BMI measurement

21 refused IST

19 with follow-up < 6 months

13 with incomplete data

3 with MOG-IgG seropositive

Included in this study:

246 patients

Figure 1. Flowchart for participants screening. BMI, body mass index; GCs, glucocorticoids; IST, immunosuppression therapy; MOG, myelin

oligodendrocyte glycoprotein.
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To assess the effect of BMI at onset on the long-term

prognosis, we performed a multivariable regression

adjusting age at onset, sex, AQP4-IgG serology, treatment

status, and presentation of onset; the results are summa-

rized in Tables 3 and 4. The times to first relapse, severe

attack, and visual and motor disabilities are shown in Fig-

ure 2. No significant differences in long-term outcomes

were observed among the three groups. In the AG model,

BMI at onset predicted the risk of relapse: every addi-

tional 1 kg/m2 at onset increased the risk of relapse by

Characteristic

Total

N = 246

Low BMI

N = 36

Normal BMI

N = 133

High BMI

N = 77

P-

value

Demographic features

Age at onset 40 (13) 36 (15) 40 (13) 41 (11) 0.083

Sex

Male 29 (12%) 1 (2.8%) 15 (11%) 13 (17%) 0.082

Female 219 (88%) 35 (97.2%) 118 (89%) 64 (83%)

BMI at onset 22.5 (3.8) 17.1 (1.0) 21.5 (1.5) 26.9 (2.6) <0.001

Clinical features

AQP4-IgG seropositive 193 (78%) 29 (81%) 104 (78%) 60 (78%) 0.954

Type of onset

ON 137 (56%) 20 (56%) 76 (57%) 41 (53%) 0.862

TM 179 (73%) 25 (69%) 96 (72%) 58 (75%) 0.767

APS 49 (20%) 10 (28%) 18 (14%) 21 (27%) 0.021

BS 30 (12%) 4 (11%) 18 (14%) 8 (10%) 0.861

Disease course

Duration from onset to

IST (months)

9 (3–34) 4 (2–20) 8 (3–31) 17 (3–37) 0.098

Relapsing course 193 (78%) 23 (64%) 106 (80%) 64 (83%) 0.067

Time to first relapse 13 (5–27) 11 (4–28) 14 (5–30) 13 (5–24) 0.697

Overall ARR 0.44 (0.46) 0.41 (0.72) 0.42 (0.39) 0.49 (0.43) 0.073

ARR before IST 0.56 (0.59) 0.59 (0.80) 0.54 (0.58) 0.57 (0.47) 0.6

ARR after IST 0.37 (0.63) 0.18 (0.34) 0.33 (0.48) 0.52 (0.88) 0.026

Disease duration

(months)

49 (28–75) 39 (23–62) 48 (28–75) 55 (30–78) 0.145

Outcome

Severe attack 82 (33%) 16 (44%) 42 (32%) 24 (31%) 0.327

Visual disability 33 (13%) 6 (17%) 19 (14%) 8 (10%) 0.593

Motor disability 17 (6.9%) 3 (8.3%) 9 (6.8%) 5 (6.5%) 0.883

Overall disability 44 (18%) 8 (22%) 26 (20%) 10 (13%) 0.358

Data are presented as n (%), mean � SD, or median (interquartile range). APS, area postrema syn-

drome; AQP4, aquaporin 4; ARR, annual relapse rate; BMI, body mass index; BS, brain stem/cerebral

syndrome; EDSS, Expanded Disability Status Scale; IST, immunosuppression therapy; ON, optic neuri-

tis; TM transverse myelitis.

Table 1. Demographic and clinical fea-

tures, and long-term outcome of NMOSD

patients according to BMI groups.

Table 2. Summarize of NMOSD attacks of patients according to BMI groups.

Characteristic Total N = 799 Low BMI N = 92 Normal BMI N = 424 High BMI N = 283 P-value

Presentation of attacks

ON 245 (31%) 25 (27%) 134 (32%) 86 (30%) 0.705

TM 540 (68%) 66 (72%) 282 (67%) 192 (68%) 0.642

APS 90 (11%) 17 (18%) 28 (6.6%) 45 (16%) <0.001

BS 86 (11%) 10 (11%) 50 (12%) 26 (9.2%) 0.563

Multifocal 121 (15%) 21 (23%) 50 (12%) 50 (18%) 0.009

EDSS at attacks 3.00 (2.00–4.00) 3.50 (2.00–6.00) 3.00 (2.00–4.00) 3.00 (2.00–4.00) 0.002

Data are presented as n (%) or median (IQR). APS, area postrema syndromes; BS, brain stem/cerebral syndromes; EDSS, Expanded Disability Status

Scale; ON, optic neuritis; TM, transverse myelitis.
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3% (P < 0.001). In the Cox proportional hazard regres-

sion, BMI at onset was not associated with the risk for

the first relapse and risk for motor disability; while BMI

at onset was a protective factor for severe attack and

visual disability; every additional 1 kg/m2 at onset

decreased the risk of severe attack by 8% (95% CI: 0.86–
0.98, P = 0.013), reduced the risk of visual disability by

10% (95% CI: 0.81–1, P = 0.047), and decreased the

overall risk of disability by 11% (95% CI: 0.82–0.98,
P = 0.015).

Figure 3 shows the longitudinal changes in EDSS scores

in the three BMI groups. Patients with a low BMI showed

higher EDSS scores throughout the disease duration.

However, a rapid increase in EDSS over NMOSD relapse

was observed in patients with a high BMI (B = 0.23,

SE = 0.10, P = 0.039).

Discussion

Obesity is associated with an increased risk for various

autoimmune diseases.25 However, studies on the effects of

obesity on NMOSD have shown different results.13,14,25

Baek et al.13 reported that a low BMI was a risk factor for

poor outcomes in female NMOSD patients. Paz et al.14

did not find an effect of excess weight in patients with

NMOSD in their case–control study, but a relatively small

sample size (26 pairs) may have limited the power of the

analysis. Wu et al. performed a cohort study to investi-

gate the effect of triglycerides (TG) in NMOSD, in which

BMI was only adjusted as a covariate,25 and no effect of

BMI in patients with NMOSD was reported. In the pre-

sent cohort, we compared the demographic and clinical

features in different BMI groups and analyzed the impact

of BMI on the long-term outcome of patients with

NMOSD. We found that lower BMI at onset was associ-

ated with less frequent relapse but poor prognosis. Our

research supports the former studies and provides a dee-

per understanding of this issue.

A previous systematic review suggested that corticoste-

roids may result in a significant gain of body weight, and

intravenous methylprednisolone (IVMP) is widely admin-

istered in patients with an acute attack. To eliminate the

effect of corticosteroid use, patients who received any cor-

ticosteroid before the body weight was recorded were all

excluded. We regarded 24 kg/m2 as the cutoff BMI

according to the Chinese Ministry of Health’s Chinese

criteria, which is more appropriate for estimating the

nutritional status of the Chinese population than the

WHO criteria. According to previous studies, sex and

AQP4-IgG seropositivity are risk factors for the prognosis

of NMOSD. Our previous study also revealed that ther-

apy options were related to different outcome19; therefore,

these factors were adjusted as covariates in the multivari-

able regression.

Numerous studies have revealed the relationship

between obesity and autoimmune diseases. Obesity has

been found to increase the risk of conditions such as MS,

rheumatoid arthritis, systemic lupus erythematosus, and

inflammatory bowel disease and decrease treatment

efficacy.26–30 In this study, we confirmed the influence of

BMI at onset on the disease activity of NMOSD patients;

compared to patients with low/normal BMI, patients with

high BMI at onset tended to have more frequent relapses

(P = 0.074). The analysis of ARR before and after IST ini-

tiation showed different results; ARR before IST did not

differ among the three groups, while patients with higher

BMI at onset showed higher ARR after IST compared to

patients with low/normal BMI, indicating a compromised

response to IST in patients with high BMI. In the AG

regression model, after adjusting for maintenance

Table 3. The effect of BMI at onset on the risk of relapses with mul-

tivariable Anderson–Gill proportional hazards model.

Variables HR CI 95% P value

BMI at onset (per 1 kg/m2) 1.03 1.03–1.03 <0.001

Age at onset (per year) 1.01 1.01–1.01 <0.001

Sex

Female 1 (Ref.) – –

Male 0.96 0.94–0.99 0.005

AQP4-IgG serology

AQP4-IgG seronegative 1 (Ref.) – –

AQP4-IgG seropositive 0.8 0.78–0.81 <0.001

Treatment status

IST 1 (Ref.) – –

NT 2.95 2.89–3.01 <0.001

Presentation of onset

ON onset 0.72 0.71–0.74 <0.001

TM onset 1.07 1.05–1.1 <0.001

APS onset 1.38 1.35–1.41 <0.001

BS onset 1.44 1.4–1.49 <0.001

Adjusted for onset age, sex, AQP4-IgG serology, treatment status and

presentation of onset. APS, area postrema syndromes; AQP4, aqua-

porin 4; BS, brain stem/cerebral syndromes; IST, immunosuppression

therapy; NT, no therapy; ON, optic neuritis; TM, transverse myelitis.

Table 4. Multivariable cox proportional regression for the effect of

BMI at onset on the prognosis of NMOSD patients.

BMI (per 1 kg/m2)

HR CI 95% P value

Risk for the first relapse 1.01 0.97–1.05 0.613

Risk for severe attack 0.92 0.86–0.98 0.013

Risk for visual disability 0.9 0.81–1 0.047

Risk for motor disability 0.92 0.79–1.07 0.267

Overall risk for disability 0.89 0.82–0.98 0.015

Adjusted for onset age, sex, AQP4-IgG serology, and presentation of

onset. BMI, body mass index.
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Figure 2. Kaplan–Meier curves for time to the first relapse, severe attack, visual and motor disability. (a) Time to the first relapse was not

different among the three groups, (b) time to severe attack was not different among the three groups, (c) time to visual disability was not

different among the three groups, (d) time to motor disability was not different among the three groups. (e) Overall risk of disability was not

different among the three groups.

Figure 3. Plots of longitudinal change in EDSS over relapses. The thinner lines show individual-based values and thicker lines show fitted linear

mixed-effect models.
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treatment status at each relapse, a positive association was

found between BMI at onset and the risk of relapse. Our

study suggests that BMI at onset affects the risk of

relapse, which was probably mediated by the effect of

BMI on the efficacy of immunosuppressive therapy. Cel-

lular and molecular data in other diseases demonstrated

that obesity resulted in macrophage activation, an

increase of Th17, TNF-a, and decreased Treg.31–33 These

changes were also a significant factor in the pathogenesis

in NMOSD,34–39 which can account for the heightened

disease activity observed in patients with higher BMI. To

validate our results, more research is needed to examine

alterations in the phenotype and function of immune

cells, along with corresponding cytokines, in NMOSD

patients with varying BMI levels.

Baek et al. reported that a lower BMI was a risk factor

for poor outcomes in female NMOSD patients with

AQP4-IgG seropositive.13 Patients with AQP4-IgG sero-

positivity and AQP4-IgG/MOG-IgG double-negativity

were included in our cohort. Although the prognosis was

not different among the three groups, patients with low

BMI still showed poor outcomes compared to those with

high BMI in Kaplan–Meier curves. After adjusting for

serological status and sex, we found an association

between lower BMI and poor prognosis in regression

models. Patients with low BMI showed a higher risk of

severe attacks and a higher EDSS at each episode, indicat-

ing that the poor prognosis of patients with low BMI was

more strongly associated with the severity than the fre-

quency of attacks. However, the BMI at onset was not

associated with the risk of motor disability, which may be

due to the rarity of the events (only 17 patients developed

motor disability).

Although the risk of relapse was lower in patients with

low BMI, these patients had a higher risk of severe attack

and finally developed a permanent disability. Thus, neu-

rologists should consider the severe consequence for

patients with low BMI. Risk monitoring and early initia-

tion of IST and rehabilitation are necessary for preventing

poor prognosis. However, this study suggested that

patients with higher BMI had a higher relapse risk. There-

fore, neurologists should notice the effect of BMI on

relapse risk in clinical practice. Additionally, monitoring

BMI and disease activity might help recognize patients

with high relapse risk. Thus, patients should be actively

managed to prevent relapses.

Furthermore, studies have revealed weight bias in the

medical field. Obese patients were less respected by

healthcare providers, resulting in less effective

communication.40,41 Obese patients may sense these atti-

tudes and avoid follow-up and preventive care.42 Thus,

physicians should be aware of this concern and weight

bias should be avoided in medical practice.

Our study has several limitations. First, we used BMI

to evaluate nutritional status; however, many studies have

shown that the association between BMI and the percent-

age of body fat differs across age and sex,43 which could

have resulted in a biased estimation of overweight status,

although we adjusted those factors as covariates in the

regression models. Second, owing to our cohort’s rela-

tively small sample size, we could not perform subgroup

analysis across different strata. Third, patients with double

negative serology were not excluded, which limits the

interpretability of our study given the different disease

courses of AQP4-IgG seropositive and AQP4-IgG sero-

negative NMOSD. Finally, we only evaluated the effect of

BMI at onset while BMI varies over time. This is a retro-

spective observation study, and further prospective longi-

tudinal cohort studies are needed to explore the effect of

BMI on NMOSD prognosis and their causal relationship.

In conclusion, our study showed that a low BMI was

associated with a higher risk of permanent disability and

higher treatment efficacy but a lower risk of relapse in

NMOSD patients. These findings suggested that BMI at

onset could be valuable in identifying high-risk patients

and could predict the outcome. However, in the present

study, the predictive value of BMI is limited because only

BMI at the first attack was obtained. Therefore, prospec-

tive cohort studies are required to evaluate the effects of

dynamic BMI on disease course and prognosis in patients

with NMOSD.
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